The rectal electrical actIVIty was studied by electrorectogram (ERG) in 28 patients with spinal cord injury (SCI) (mean age 46.6 years, 18 men and 10 women) and nine healthy volunteers (controls). Nineteen patients had an upper motor neuron lesion (UMNL) and 9 a lower motor neuron lesion (LMNL). The ERG was recorded by a monopolar silver silver chloride electrode applied to the rectal mucosa by suction. Simultaneous recording of the rectal and rectal neck pressures was performed. At least four recording sessions of 120 min each were done for every subject. No complications were encountered during the test. The ERG in normal subjects showed pacesetter potentials (PP) with a regular rhythm and constant frequency and were reproducible in the individual subject. PP were followed by action potentials (AP) which had an inconsistent frequency and were associated with increased rectal pressure. The ERG in UMNL patients exhibited 'dysrhythmia' with irregular frequency, amplitude and velocity. The AP did not show in any recording. LMNL patients had a 'silent' ERG. In conclusion, two patterns of ERG could be identified in SCI patients: dysrhythmic and silent. The cause of the disordered ERG could be due to derangement of the intrinsic rectal conducting system.
Introduction
Rectal dysfunction is a frequent finding in neurological diseases. I The rectal detrusor behaviour differs accord ing to the type of neurological affection. In SCI, the level of the lesion is decisive for the type of rectal dysfunction.
2 . 3 In patients with upper motor neuron lesions, the rectum becomes hyperreflexic, and defeca tion is reflex and commonly initiated by somatic stimuli. In patients with lower motor neuron lesions, the rectum is areflexic, and defecation is induced by enemas. 3 -5 The defecation mechanism is intricate. It comprises rectal detrusor contraction and rectal neck (anal canal) opening. 6 , 7 Many voluntary and reflex actions are involved. 8 -1 2 Recent studies have shown that the rectal muscle coat possesses electrical activity which appears to control rectal motility. 13 -16 The electric activity is manifested by regular slow waves or pacesetter poten tials (PP). The PP frequency is species dependent with a mean of 4.8 ± 0.6 s.d. cycle min-l in dogs and 2.6 ± 0.4 s.d. cycle min-l in humans. It was constant on all of the test days with only occasional variations. PP were followed by action potentials (AP) which had inconsistent frequency and were accompanied with increased rectal pressure denoting rectal contractions. The studies suggested that PP start at the rectosigmoid Correspondence: A Shafik, 2, Talaat Harb Street, Cairo, Egypt junction and propagate caudally along the rectum. 13 · 1 4 Previous investigations had suggested that the recto sigmoid junction is the site of a pacemaker which seems to trigger the pp y , 18 The PP are believed to initiate AP and to pace the rectal contractile activity in terms of direction and frequency. 13 , 1 4 Since rectal motility is proposed to be controlled by PP, disordered rectal electric rhythm and rate which we call 'dysrhythmia' may cause rectal dysmotility or defecation disorders. The present communication stud ies the rectal electric activity by electrorectograms (ERG) in patients with SCI aiming at characterizing an ERG pattern for such disorders which may be used as an investigative tool for their diagnosis.
Subjects
Twenty eight patients with SCI entered the study after signing an informed consent. The duration of injury varied from 6 to 11 years (mean 9.2 ± 3.6 s.d. years). Ages varied from 28 to 64 years (mean 46.6 ± 11.5 s.d. years). Eighteen were men and 10 women. Nineteen of the patients had a complete SCI above the level of the conus medullaris; 12 were men and seven women. Neurological examination showed skeletal muscle spasticity distal to the lesion, hyperreflexia of deep tendon reflexes and extensor plantar responses. Defe cation was reflex and was elicited by somatic stimuli such as massaging the rectal neck and tapping the lower part of the abdomen. The EMG of the external anal sphincter showed increased activity.
Nine of the patients had lower motor lesions. Six were men and three women. There was laxity of anal sphincters, flaccid paralysis of the lower extremities and depressed or absent deep tendon reflexes. Defeca tion was accomplished by enemas. The EMG activity of the external anal sphincter was diminished or absent.
Nine healthy volunteers were included in the study as controls. They matched the study group in age and gender. Ages ranged from 32 to 62 years (mean 44.8 ± 10.9 s.d. years), six were men and three women. They had no anorectal complaint at the time of presentation or in the past. Physical examination, including a neurological study, was normal. Informed consent was given before entering the study.
Methods
There was no special bowel preparation. All of the patients were instructed to evacuate their bowels by defecation or by normal saline enemas the night before the examination. Twenty four patients could defecate, and four could not and they used normal saline enemas. All of the patients were then subjected to saline enemas 2-3 h before testing so that any rectal irritation that may have resulted from the enemas would have subsided. The mucus on the rectal mucosa was re moved by a swab soaked in sodium bicarbonate. The rectal electric activity was recorded by a 6 F catheter attached to the rectal mucosa by suction to a negative pressure which ranged from 50 to 100 mm Hg and was maintained during the test.
Monopolar recordings were made from a silver silver chloride electrode (0.2 mm diameter) situated 1 cm from the tip of the catheter. The catheter tip was applied to the rectal mucosa, through a rectal speculum, at a distance of 8-10 cm from the anal orifice. Signals from the electrode were fed into an a.c. amplifier with a frequency response within ± 3 dB from 0.016 Hz to 1 kHz, and were displayed on an U-V recorder (SensorMedics, Anaheim, CA, USA) at a sensitivity of 1 m V cm -1 . The indifferent electrode was a metal disc applied to the abdominal skin. The velocity of conduction was calculated by measuring the time required for conduction of the PP between two electrodes at a paper speed of 1 cm S-I .
Simultaneous recording of the rectal mechanical activity was achieved by measuring the rectal pressure by means of another 6 F catheter with two lateral 2 mm side ports and a closed distal end. The catheter was also placed in the rectum 8-10 cm from the anal orifice, and was infused with 37°C sterile saline at a rate of 2 ml min -1 . It was connected to a strain gauge pressure transducer (Statham 230 B, Oxnard, California). A third 6 F catheter, balloon-ti E ged, was introduced into the rectal neck (anal canal) . 0 2-3 cm from the anal orifice, and was connected to a Statham pressure transducer. A 30 min allowance was given for adaptation to the electrode and manometric catheters. With the subject Electrorectography of the neuropathic rectum A Shafik in the left lateral position, a 120-min recording session was performed with each subject for at least four sessions, each on a different day.
'Rectal dysrhythmia' is differentiated as either brady rectia, tachyrectia, or rectoarrhythmia. The normal rectal electric rhythm ranges from 2 to 4 cycles per minute (cpm) (mean 2.6 ± 0.4 cpm). 14 'Bradyrectia' is defined as decreased PP frequency to less than 1 cpm, 'tachyrectia' as increased regular frequency to more than 6 cpm, and 'rectoarrhythmia' as an increased PP rhythm with irregular periods. The data were analysed statistically using Student's t test.
Results
No complications were encountered from applying the electrodes to the rectum; the electrodes were well tolerated by the subjects during the test. They were kept attached to the rectal wall by maintaining the suction pressure constant throughout the test. All the subjects were evaluable. The results are presented with regard to (1) normal volunteers, (2) spastic paralysis patients, and (3) flaccid paralysis patients. Table 1 depicts the frequency, amplitude and velocity of conduction of the PP. These variables were repro ducible in the individual subject for each repetition of the test. The PP wave was triphasic with a small positive, a large negative and another small positive deflection ( Figure 1 ). It had a regular rhythm and constant frequency in each individual on every test day.
Electrorectogram in normal subjects
The PP were followed by bursts of action potentials (AP) represented by negative deflection (Figure 1) . The AP were inconsistent and occurred randomly, and their number varied from one time to the other during the test.
The manometric study recorded rectal pressure increase simultaneously with AP waves (Figure 2 ). (Figure 2) . The higher the AP amplitude, the higher the rectal pressure readings. Table 2 depicts the rectal and rectal neck pressure recorded simultaneously with the rectal electric activity. The mean rectal pressure at rest was 12.8 ± 2.1 s.d. cm H20 and during AP bursts 32.8 ± 4.6 s.d. cm H20 (P < 0.01).
The aforementioned results were the mean of a recording time varying from 480 to 720 min (mean 608.6 ± 73.8 s.d. min), and were reproducible in the individual subject.
Electrorectogram in spastic paralysis patients
The introduction and fixation of the electrodes in the rectum were more difficult than was encountered in the normal volunteers or in the flaccid paralysis patients, due to lower limb spasticity and increased anal sphincter tone. However, the procedure was easily performed when the patient was placed in the left lateral position.
PP were recorded in all of the patients; they occurred with irregular frequency, amplitude and velocity of conduction. All types of rectal dysrhythmia occurred in the individual subjects (Figure 3) . Bradyrectia, tachy rectia and rectoarrhythmia were all recorded in the same session of one patient. Moreover, the recording pattern of PP was not reproducible in the individual subject. In the meantime, AP did not show in any of the 
Electrorectogram in flaccid paralysis patients
The lax lower limbs and anal sphincters made electrode introduction and fixation into the rectum easy. A 'silent' electrorectogram was achieved in these patients ( Figure 4 ) . Neither PP nor AP were recorded in any patient during the period of study which varied from 600 to 960 min (mean 860.7 ± 88. 
Discussion
Rectal dysfunction is a frequent finding in those who have sustained a serious spinal cord injury. Depending on the level of the lesion, neurological examination demonstrates either supranuclear, nuclear or infra nuclear lesions of the spinal cord. Immediately after a spinal cord injury, there is lack of reflex activity below the level of the lesion. During this stage of spinal shock, there is rectal areflexia; the tone of anal sphincters commonly returns some hours after the cord injury. The shock stage may last for days or months, after which the rectum remains areflexic as in those with the lower motor neuron lesions, or becomes hyperreflexic as in those with an upper motor neuron lesion. In the present study, ERG of the 28 paraplegic patients recorded a picture different from that seen in normal volunteers. In patients with lower motor neuron lesions, the ERG showed neither PP nor AP in all the subjects despite the long recording time of the On the other hand, the ERG of those with an upper motor neuron injury showed PP but no AP. The PP exhibited an irregular rhythm with varying amplitude and velocity in the same individual, a condition of 'dysrhythmia'. Although an ERG was not reproducible in the individual subject, yet the dysrhythmic pattern was constant. No AP were recorded in any subject. AP were accompanied, in the controls, with increased rectal pressure indicating contractile rectal activity. Recording of PP without AP would point to the existence of rectal electrical but not contractile activity. The electrical activity was, however, irregular. This state of dysrhythmia in patients with upper motor neuron lesions indicates a non-harmonised rectal activ ity. The cause and significance of this dysrhythmia is unknown. It could be due to derangement of the intrinsic rectal conducting system, whether neurogenic or myogenic, resulting from the cord injury. Alterna tively, it could result from a spastic anal sphincter accompanying this type of cord injury with a resulting detrusor sphincter dyssynergia which would disturb the harmony in the PP conduction along the rectal muscu lature. The dysrhythmia with absence of AP that initiate the contractile rectal activity, as well as the presence of spasticity of the external anal sphincter would explain the difficulty in rectal evacuation en countered in these patients. It may be argued that, in patients with an upper motor neuron injury, there was a high rectal pressure although the AP were absent. It appears that the high rectal pressure is due to a high intrinsic tone, which may have a role in abolishing the AP.
The electrorectography records the electric activity of the rectal detrusor. Disorders of this activity would disturb rectal function. The functional detrusor activity seems to be more adequately identified by electrorecto graphy than by other investigative methods such as manometric or radiological studies. According to the electrorectographic pattern (normal or dysrhythmic) treatment could be planned and followed up. The method is non-invasive and non-radiological and could be included as an investigative tool in the assessment of rectal function.
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